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; In November 1$73, the Natipnal Aeroftautics and Space Administration 
<NASAJ. 'asked the National Academy of Engineering* to conduct a simmer study 
of future applications of space systems", with particular emphasis on practical 
^"roaches, talcing into consideratioi^ socioeconomic ienefitsr^NAS^ asked that 
th? 'study ^also cpnsider how these applications would influence , or be influenced 
by the'S^ce Shuttle Sjcstem, the- principal space transportation* systte of the, 

• 1980.'s. In D^eEi)er 1973, the Academy agreed to perform the study and assigned* 
the task to the Space Applications .Board (SAB) . 

In. the summers of 1967 and 1968, the ^National Acadfemy of Sciences 'had 
convened- a gi;oup of eminent scientists and engineers to determine what research 
.and; development >as hecessary to permit .the exploitation of useful applications 
of earth-oriented satellites. The SAB concluded £hat since the study, 
operational weather and commimi cations satellited and the successful first. 
^ ye^ of use of th.e experimehtal Earth* Resources Technology Satellite h^d demon- - 
r * sprayed conclusively a t-echnological capability that could form a ^foundation 
for expanding^the useful applipations of ^pace-derived 'infbrmation ani services; 
and that it was now -necessary to obtain, from a^broad cross-section of potential 
^ users, new ideas and needs that mighr guide the developmejit of future space . 
^sy>tems for practical applications. * " ' 

• After discussions with JfASA and other interested federal agencies, it 
* was agreed that a major 'aim of the '?summer study" should be to involve, and 
^ to attempt to understand the^ needs of, resource managers and other de^sion- 

* makers whq had, as yet only considered space systems as experimental rather 
than as useful elements of major day-,to-day operational information and service 
systems. Under the general^ direction of the SAB, theri, a representative groiq) 
of users ^d potential users conducted an ^Intensive two-week study to define 
user needs^that might be met by information or services derived' from earth- 
oiiiiting satellites. .This work was done in Jifly 1^74 at Snowmass, Colorado^ 

For the study, nina user-briented panels were foiined, conprised of present 
tfc potential* public and private users, including businessmen, state, and local 
government ^officials, r^ource managers, and otJier decision-makers. A ntimber 



♦Effective Jqly 1, 1974,^ the National Academy *of Sciences and .the Nati-onal 
AcadenSy of Engineering reorganized the National Research Council into eight 
asseni}lies and commissions. All National Academy' of Engineering pi^ogram units, 
including the SAB, ^became the Assembly ot Engineering. 
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of scientists and technologist's also participated, functi,oning essentially 
as exj^ert consultants. The assignment made 170 *th€;* panels included reviewing 
progress in space applications, since ^^le NAS study of 1968* and defining ^s€r 
needs, potentially capable of being met by s|)ace-system applications, .User 
specialists^ drawn frofii federal, state^and local governments and from business 
and industry, were impaneled in the following fields^ * . 



Panel 
Panel 

I^anel 
Panel 
Panel 
Panel 
Panel 
Pknel 



Weather and Climate . 
Usei-of Communications 
Lano^ Use Planning 
Agriculture, Forest, and Range 
Inland Water Resources 
Extractable. Resources 
Environmental Quality ' 
Marine and Maritime Uses 
Materials Processirig in $pace 



. In addition, to study the socioeconomic benefits, the influence of' tech- 
nology, and the interface with space * transportation, systems*, 'the following 
panels^term?d' interactive panels) were qonvenejl: ' • » 

Instituticnal Arrangements 
CostsI apd Benefits . 
Space Transportation 

Information Services and Information '-Processing 
Technology » 



Panel 10 i 
Pane.1 11 
Panel 12 
P^el 13 
Panel 14' 



As' a basis* for their, deliberations, the latter groups used needs expressed 
by the user panels. A substantial amount of interaction with the user panels 
was designed into the study plan and was found to be both desirable and neces- 
sary. . • • • ' ^ , ' • V ' ' 
9 The major part of the study was acconrpli^hed by the panels. The function 
of the SAB W;as to review the "work o^ the panels, to evaluate their findings, — , 
and to derive from their work an integrated set of major conclusions and recom- 
-inendations . The Board's i^indings, which include certain significant recommen-^ . 
dations frony. the panel reports, as well as more general ones •arrived at by 
considering the work of the study as a whole, .are contained in 4 report -pre- 
pared by the Board.*** . . ^ ' 

It should be emphasized^ that^ tKe study was^ npt designed to make detailed 
assessments of all of 'the 'J^actors which should oe considered in establishing 
priorities. In some cases, for example, options other than space systems for 
accomplishing the same objectives may need to be assessed; requirements for 



*National Research Council. Useful Applicabiom of Earth-OHented Satellites^ 
Report of the Central -Reuiei) Cormittee. National Academy of Sciences, 
Washington, D^., 1969. 

^*Space Applications Boai'd, National Research Council. Practical Applications 
of Space Systems. National Academy of Sciences, Washingtpn, D.C. , 1975. 
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institutional or org-anizatiohal support may need to be appraised; multiple ' 
Vises of systems may heed to be, evaluated'^to achieve the most efficient and. ^ 
econCmic returns. . Iti' some cases, analyses of costs .and benefits .will be 

/needed^ In this connection, specific cost-benefit studies were not conducted 
as -a part of the two-week ^tudy. Recommendations, for certain such aiialyses, 

^Tiowever, appear in- the Bpar4's report, together ^vith recommendations .designed 

^ to provide an improved basis upon. which to make cost-benefit assessments. 

, In suin, the study was designed to provide an opp^ortunity for knowledgeable 
and experienced users ^expert iri their, fields, to express their needs fqr 
information or services **hich might (or Mght not) be met by space^ystems/ 
•and to relate the p!resent ^ajid potenti>al capabilities of space systems to tJjeir 
needs. The study did not attempt to examine in d^ail the scientific, technical 
or economic fcases for the need's -expressed by the users. 

The SAB was impressed by the quality of the, panels' work and has. asked . 
that their |^eports be mad$ available as supporting documents for the Board^s • 
report. ^Whil^ the. Board is in. general, accord with jthe Rariel reports, it does ' 
not -necessarily* endorse them in;tvery detail. - ^ . - 

•The conclN^ions and ^recommendations of this panel report -should be ^on- ' 
sidfered within the context o5 the rej^brt prepared by the. Space Applications , 
Bo^d. The views presented in* the panel ^report 'represent the general consensus 
of the -panel . Some individual members of the panel may not agree with eve'ry 

• conclusion or recommendation contained in the report. * ' 
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INTRODUCtiOtT 



^ The earth is' now .recognized as one iarge spacecraft whose self-contained 
enviipnment mlgt Jbe. maintained -by wis.e man^emeftt of* its food, fiber, water, air^ 
, mineral, and pth^r ijatural resource syst^. ^To do so requires real-time know- 
Pledge of man's interaction with man^ of these resbufces. The dramjatic" impact 
of the Arab oil ajibargo'in October 1973^ for example, contributed Emphatically 
to a growing. worlciwide awarenes.s of' the finite'ness of, the resources upcyr whiell 
mankind depends. ' • , ^ . ^ v < 

. Throughout the history of human settlement, man's suyr6undings hav^ strongly 
intluenced not only his' growth in number? "but also social and cultural* aspects 
of hi§ life, flis upward struggles to overcome or control hoatiT? aspects of his 
environment h^ve'bieen marked by hi$ ability td harness ene-^gf fox his oWnJbetter- 
ment. Until the 1800's gtwj-h.in pb^plation /'Ind gro<^ in ei^rgy. xonsrump- 

tion w^fe Wiiighly ^olmparable. The bt^rnirtg' of .wopd iwas the principal srourice pi 
* energy, Wooc^^ whi^ch was a r<?hewahle resourc2e, "wa5 supplskied by coal, V n'o?i\-^, 
renewable resoiO'ce; in the late J8GQ^s» ^Natural TOd^oil are^riewcpmers to^f \ 
'thg'iPfiel si^6^ yet" the world is now drawing ^ e)cteniiv61y tqpon these j^ftite 
resources that they will likeijj^.be-^i^rtuaj^^ eichausted J% the 6id of /tfie ' 
tw€fatieth fe^t^ry. ^ C6^ exists in Wlatiyeiy ^Hmd^ <pegjtiti% but Votfi^its i 
recoverjr^ use si^gaificant yndesixable Snvira^Wt^ consequences* . 

Siicl5ar/i^g?^ &-^5aiCT"rgiSfi^$ry neS source Btft'sup^H^-c^ fissionable - 
uraiuiia are "Shori^- lived in relation te man^s long-tersi needs.. Breeder-reactor 
concepts promise to extekd capabilities^ for riuclJ^ power .but pose jiew* environ- * 
mentai- problems* » * . , • * • ' * > * 

Studies have shown a direct correlation between man's stand^ni of* living' 
and His per-capita energy consumption. Further,' the per-caplta donsumption rate 
is increasing, particularly ip industrialized nations. The increasing demand f^ 
energy in industrialized nations, aspirations fo? Mgher standard^ of 'living (and 
hence ^energy demands) in developing nations, and continued growth in world popu- 
latipn foretell 6ven greater future stress upi)n: (1) dwindling supplies of 
finite^n-renewable fuels, (2) land* and sea a^eas ftom^hicA fuels are to be* 
r|fc6vered, <3) land, air, and water resource^ iijyolve^ in fuel processing, ,and 
(4) man's activities associated with fuel use. » ^ * • ♦ ' 

Population and its growth are critical factors in most ehvironm^ntai prob- 
lems.^ Moreover, density and distribution otf populatiSn are intrinsically 
jiiportaht in determining ^the quality ^f an environment. '* / 

When^the population oh earth was.^relatively small ^d daily activities were 
simple>''the effects of iaan's presegy^e were b'ardly discemib^ among the many 



natural forces at play. IF an effect i§ measured "against the total nass of the 
sea, the land, and the- atmosphere- together witH the energy involved in natural 
phenomena such as storms, eruptions, and earthquakes, one might reasonably wonder 
. how man could possibly intervene to upset the natufal forces,' even in a minor way. 
There is mounting evidence, however, that today we may be doing just that, 
threat^niiig^not nece'ssarily the earth itself but life on .earth as we now knoi< it. 

First-order undesirable effects of man's activities show up as local knd. - 
regional environmental problems. Over .the past ^ew years, there has been growing 
^concei3i also about the worldwide impact of these activities. Anjong various con- 
■ fe^r.ences and symposia that have addressed the global implicatl(3ns of the problem, 
two are, generally considered as milestones: (1^ a summer study* held in 
Williamstown, Massachusetts, in ^hich about 70 scientists participated and <2) a 
summer study** held in July 1971 iii Stockholm, Sweden, in which about 30 scientists 
from 14 countries participated. 
^ The recommendations tha,t emerge*d from these two conf^ences provided focal 
polT7t5 foi: international discussions at the Uni£§d , Nat ions* (UN) Conference on 
the Human Environment held in Stockholm, Sweden, in 1972 and served as the basis 
for an in||matienal agreement that. led to the global monitoring programs, now 
underflfay at the UN Institute in Nairobi. As important as these actidhs are, at ■ 
the gl-obal* lev«l it' is worthy to note that the'SCEP report which stimulated this' 
glob-al thinking -flso included (page 5) the following observatiions : ",i.the 
existence of a globafl problem doe^s not imply the necessity for a global solution. 
The sources of pollution aire activities of man that can often be effectively con- 

trollea or regulated where they occur " ' ' . 

1- ^^'^'^Sround, material xJii other* problems related, to environmefital quality, is 
^^avTkilable from number of different sources.* .Among those-, for example, from 
T^^iich fhe Panel obtained valuable information are the Environmental P.rotection 
Agency CEPA3' and the Council on Environaenlal Quality. * 
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*lian'§ Z^-^act hn ihe Global E^HrpKmentj Assessment arid Ree<?r7snenda±ions fdf' Actions. 
Study, of Critical Environmentarrrobleras .iSCEPO . MT Press', 1970. ^ 

*Inadvertefit aimate I-i&difiJition. Study of Nian's Impact on Climate (smC\. MIT 
■ Press," 1971. . » ^ * . . " \. • • 

• . .... . ^ \ • 

Environmental Protection Agency, Office of Research and Development. Proceedings 
of Second Conference an Environmental Quality Sensors. .'U.S. Government Printing 
Office, WashingtOQ,- D.C., 1973. , 

^Environmrital QuaUty. ThiTd J^niial jleport 'of Council on Environmental Quality. 
U.S. Government -Printing Office, Washington, -D.C.', 1972. • ' • 

if - * * ■ ■ ■" • 

Natioi>al Researeh Council. Useful Applications of Earth-OHented Satellites. 

National Academy of Sciences, Washington, D.C., 1^^9. 

'SpSetal At&lyses^ Budg&t of the United States Govermenty Fiscal Sear 1975. ^ 
U.S. Government Printing Office, Washington; D.C., 1974. 



Legislative and xegulatory actions at hxith national and state levels have 
been mounted in r^ent )Leai:^ to' limit the emission of ppllutants into the environ 
ment Federal legislation pertaining to environmental quality" is sucmiarized in 
Appendix A. Other bills dealing with management of hazardous wastes^ control of 
the quality of drinking water, and control of hazardous substances are currently 
being considered by the Congress, . • 

The Panel on 'Environmental Quality concerned itself with the potential use 
of space systems- to assist in determining the current state of air, water, and . 
land environments and in monitoring them for the effects qf man's activities. 
In many respects, this Panel had overlapping interests with other panels that 
took part in\the 1974 Summer Study of Space' Applications. . Areas in which these 

■ overlapping, relationships exist are shown in Appendixes* ' , ' 

The Panel on Environmental Quality recognizes the possibility of pursuing * 
s\ich environmental factors as noise and aes^thetics but elected to narrow its conr 
siderations- to ways in v4iich -space systems might be used to determine (1) what 

.pollutants -are introduced into the major erivironiaental media, (2) what effects 
6f these pollutants are manifested, and (3) the effectiveness of abatement and 
control 'actions. Environmental aspects so examined are discussed in relation to 
(1) air c^ality, .(2) water quality, (3) land quality as related to land use, and 
(4) public health. 



AIR QUALITY 
I 



The existing research and develppinent program in the, use <^f satellites for 
measuring environmental quality jLs probably^ most advanced in the area of air 
qyality. This is due to the long-term existence of an. established. meteorological 
program- Although air pqllution monitoring has now eyolved as a separate disci- . 
pline, the interface with meteorology. must remain strong. 

It is the opinion of the Panel that the principal objectives in developing 
a program for air pollution monitoring should be: 

, To evaluate the role of remote sensing in monitoring urban 

air quality and ;najor point-source emissions. 
• • * ^ 

To jietermine on regional and national scales, % pollutant 
burdens in the troposphere with particular emphasis on that 
. part of the troposphere which is near the surface of the 

earth- * ' 



To measure stratosphef^ trace constituents potentially 
a^ecting -climate and health. - 

.To dev^it)p systems fox assessing, on both. regional an^ gibobal 
scales, the impact of strategies for air quality control; 

MONITORING IN THE TROPOSPHERE — REGIME I 

The troposphere is the lowest major layer of the atmosphere,^ and extends from 
the earth's surface to a height of about 12 kilometers. It is in this lower layer 
of the atmosphere that most of the important processes affecting weather occur. 
For pi^rposes of discussion in this report the troposphere will be considered a31 ' 
divided into two "regimes." Regime I is defined as the mixing layer constituted 
by the air space between the earth •s' surface and the inversion layer. .The height 
of Regime I is not constant iince the altitude 'of the inversion layer Varies from 
day to day and from day to night • Mean mixing dfepths over the continental U.S, 
vary within the range of 4E!b'' meters to 1400 meters. The importance of Regime I 
stems from the fact that the inversion layer act^ as a c^.-or lid on the mixing 
layer. Most^of the first-order effects of air-borne pollutants experienced by 
i&an, plants, and animals are highly dependent upon the dispersion and dilution 



capacity of Regime I. One may note that remote measurements vvtich identify the 
height of the layer, the temperature gradient as a function of height above • . • 
ground, and the wind speeds and directions in Regime I will add m^erially ,,to 
meteorolt>gical modeling that may be used to predict ground-level, concentrations- 
of po'llutaqts from point sources.- • ' • ' 

In the U.S., the Clean Air Act of 1970 requires that .national standards of 
ambient air quality b;e established for protection against the chief pollutants. - 
Primar>' standards are set at levels to protect hpman health. Secondary standards, 
which are more stringent, are set to protect crqps, property, and aesthetics. In 
addition, the Act calls for reduction in pollution from some existing sburces as 
well as for establishment of national emission standards for significant new 
sources, such as pow'er plants and"" nonferrous smelters. It also requires the 
establishment of national emission standards for j^w and old sources of certain 
pollutants designated as hazardous. ^ 

. Pollutants for which such national standafd§ have been developed are shownj 
iji Table I. • , - •. 



Pollutant 



AccejJtable Concentration, im >ug/i3 



Exposurd 
Time 



Prilnary 
Standard 



Secondary 
Standard 



Measurement 
Method 



Total suspended Anriua;i 75 
particulate 24 Jir ^ 260 ' 

matte::. 



\ 



60 
^150 



Gravimetric* 



Sulfiir oxides 

Carbon monoxide 

Hydrocarbon 
(exclusive of • 
methane) 



Annual 
24 hr 

8 hr 
•1 hr _ 

3 hr 



,80 • 
565 t 

10 X 103 
40 X iq3 

170 



Pararosaniline 



10 X lO-^- Norrdispfsxsive Infraiped 
40 X 103 



'160 



C and H counter. 



Photochemical '. 1 hr ' M60 
oxidant 

!?itfrogen diosside Annual 100 
■ ■ • ■ ■ 1 ' 



160 



100 



Giemi 1 uminesc ence 
as O3 

(Not yet Specified) 



^ TABLE I 'U.S. STANDARDS FOR AMBIENT AIR. QUALITY 



Several particular points about Table I are emphasized as follows: 



Table I identifies the pollutant levels (concentrations) whidh 
monitoring systems must be capable of measuring. Ideally, 
detection equipnent should be one order of magnitude more sensi- 
tive than these levels* 

^ • Monitoring systems aimed at protecting the health and safety ' • 

^ ''Of people from the somatic effects of air pollutants must be 

capable of sepsing within the mixing layer and. down to^ground 

level (Regime I) . ' ' ^ ■ w • " 

Monito.ring should provide for local measurements that identify 
the magnitude of emission and the/cireal dispersion of pollutants 
from major point sources and 'should also provide for regional 
measurements of levels^ of ambient air qual^ity>(concentrations 
^ and ai#al 4ispersion)^ that l^resent the%ave3?aging effects of 
dilution and dispersion by the? atmosphere of.^ the total air 
>v including* both riatiiral and ban -mad e» contributions, 

' Niich emphasis is placed upon the coptrot of emissions frpm major point 
sources,. In general, these emissions cire readily identifiable,, ar6 relatively 
f^w in nimiber and, t her efopre, lend themselves to effective control measures. In 
t^tms of .tcft,al air ^^riution, however, non-point or di^^se sources, particularly 
vehifcu\ar traffic, r^si-dential home heating, and general .industrial activities, • 
repi*i5sent fai; more si-gi^rficjant contributors. - • » • 

Predictions of occuirrences of air stagnation and their expected durations 
aure important elements .in ^ir^ quality cJortitoxing and in the implementation of^ 
emergency control actions during^ air pollution episodes. Capabilities are^ . , 
needed for local and regional micit)meteorological predictions and for on-line 
ground-level pollutant monittoring, particiill^ly for xotal suspended particulate " 
matter as related to .atmosjihef ic oapability^ visibility, sid fur. dioxide, carbon 
monoxide, and oxidant,^ Relial^lQ episode-control' systems have tfie p^ehtial to 
provide gdidance for scheduling ot controlling the use of "dirty" fuels,, to 
facilitate decisions, to s^witch to limited sijpplies o£ "clean" dEuel^ for heat and 
power generation, arid to permit operational rescheduling for reduction of sulfuf- 
oxide effluents from smelters. ' ' 

Point and diffuse sources of potential pollution plus possible unfavorable 
stagnation situations* lead to the need iox siarveill^llo^ over heavily industrial- 
ized areas and major humai\ settlements, Objecti^jflfs are: \ . ' ' 

' * ' . • * 

^ Measurement o^ concentraVicfh of pollutants to which people 

N are ^xpos^d, as a* step toward, raaedial .action and control. 

Tracking of dispersal patt^jftis of major point sources as well 
as diffuse wide-area pollt«ed air masses, 

V 

Better understanding of "carrying capacity"' of air Regions 
affected by man's activities. 



Establishing standards of aabient air <iuality and strategies for abatement 
and control of pollutant source emissions within a stipulated compliance schedule 
is generally referred to as an air quality management plan. The U^S. air quality 
management plan calls for attaining^ and maintaining .the primary, or health, stan- 
dards throughout the nation by 1977 and the secondary, or environmental, standards 
within a reasonable time thereafter. 
^ There are other air pollutants that are known to have adverse effects on 
. \ public health-and on varioj^is aspects of man's environment and for which control * 
strategies will be based either on higher national standards o£ ambient ^ir qual- 
ity or on Hmitatiohs of pollutant emissions from stipulated sources. These 
pollutants include aldehydes; Karlogens and .derivatives, including chlorine, hydrogen 
chloride, hydrogen fluoride and fluoride compounds, and halogenated organic mater- 
ials; hydrogen sulfide; polycyclic organic matter; toxic metals "such as arseniQ 

• cadmium*, lead, manganese, and vanadium; and organic 'nitrogen compounds such as 

. peroxyacyl nitrates. , . a • 

The air quality management^ plan calls foj: the development of a source emis- 
^ion ccftitrol strategy which yiejlds the required staiidard of ambient air. quality. 
Needed emission recJuction can be achieved by improved production processes, appli- 
cable emission cgntrol technologies, -Operational "efficiencies, and other methodol- 
ogies. The emission reductions required are usually established as either emis- 

■ sion or performance s'tanflards. The U.S. has promulgated emission standards "that. 

r apply to, motor vehicles and cover carbon ooifo;(;ide, hydrocarbons, and nitrogen 

oxides. Perforinance standards were promul^gated which apply to industries of a 

minimuia size in categories including carbon monoxide,, fluorides, hyd^gen sulfide, 

nitrogen dioxide, sulfur dioxide, sulfuric acid, and total suspended particulate 

matter. Industrial categories for which performance standards have been either 

planned or established include the f6llowing: 

< ' • • 

^ Asphalt and concrete batch-mixing plants ^ % 
• ' ' . ^ • ' Cement manufacturing * * * ^* 

C • Coal cleaning ' ' 

» Ferro-alloy plants , ^ 

/ Iron arid steel production 

iSraft-pulp and paperj^miirs * » . 

^funi-ci^al incinerato5rs • ' * . 

Nitric acid plants ' ^* . " 

Petrol eua refineries *^ ' . 

Phosphate fertilizer plants 
Primary aluminum reduction plants 
• Secondard br^s an^ Bronze/ingot manufacturing 
Secondary lead smellJers ^ ^ " 

Sewage sludge incinerators * ' 
Stationary gas-turbine engines • 
^ Steain electric generators I • , , 

• * . ^ Sulfuric acid plants 

Perfdnaancc standards are planned for other industrial categories which 
involve hazardous pollutants. The pollutants emitted from some importaait indus- 
trial sources and their rainimum concentration upon emission are shovn in Table II 
'. f ■ ' ' 
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Monitoring emissions from major point sources is important for determining 
the extent of compliance with "standards and for validating models used to relate 
emission limitations to expected air quality. The jnonitoring of major emission 
sources is also needed to establish the pollution burden' imposed upon the air 
resourpe and to ascertain whether the required emission controls conserve air 
quality or contribute to its degradation^ Results of monitoring mdjor sources" 
located in areas remote from urban complexes are expected to "contribute^to an , 
improved understanding of the carrying capacity of air 'i«n motion and "to provide 
information useful in evaluating the present national policy calling for enhance- 
ment rather than no further deterioration o*f the nation's air resources. 



Industry 


pollutant 


Concentration 


Ferro-alloy plants 


TSP * 


46 mg/m"' 


Iron and steel production / 


TSP , 


46 mg/m^ 


Nitric acid plants 




200 ppm 


Petroleum refineries 


CO 


^ 7. 

100 ,ppm^ . . 

" 30 ppm ^ • 


Primary aluminum reduction, plants 
• 




V 

1 ppm ^ ^ 


Steam electric generators . .Vf^- 




20o'ppm ^' ■ 


• 


TSP • 


/114 mgjA^-^ 


Sulfuric acid plants / 


SO^ 


200 ppm ' 






e.^ 



J.. 



* TSP Total Suspende^Particulates 



TABLE, II MINIMUM EMISSION CONCENTRATIONS OF INDUSTRIAL POLLUTANTS^ 
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^ • - MONITORING IN THE TROPOSPHERE — REGIME II 

L ' „ • ' • • ' • . 

As used here Regime II is the upper part of the troposphere (lying above 
.Regime I), made uprof the synoptic air mass not restrained by localized inver- 
. sion conditions. A3 indicated in. the section on Regime T, national standards are 
based largely on consideration of potential effects of ground--level concentrations^ 
These concentrations in turn are strongly influenced -by the dispersion and dilu-- 
tion capabilities of the atmosphere. On the larger, scene represented by the 
'Atmospheric mass of Regime' II, -dispersed ppyutants can evolve .into other chemical 
forms, and create undesirable situations in places far removed froiOhe points 
of releases Air quality monitoring is especially useful 'in asse/^iW the chemical 
and physical transformations of these re*i:t^yeUpollutants/dS"T5^^ transported 
and dispersed' within the moving air mass and a5 ir^sultartt jiroiucts ara detected 
in areas remote from the p(>int of initial intrp^duction. .Sen/ing on regional, - 
^ national, ^ and global scales the g^nversion of gaseous' suifur.^ioxide to inter- 
mediate and end sulfate particulates as well as their temporaOMd spatial distrib- . 
ution is an ijnportant task^ This capability is essential to und^x^apding air ^ 
'quality, degradation and its impact on 'ecosystems and climatic chang^v^^,,^^ 

Nfonatoring^the primaiy;,poHutants (reactive hydrocarbons* and nitrSg^hsQxides) 
and the resultant secondary pollutafifsN^o^one and peroxyacyl nitrates)^ arisi^^. . . 
from photochemical oxidation is. a comJ)lex and dananding task. It is, however, * 
essential in understanding the chemical and meteorological dynamics of* the eco- 
system and in developing models predictive of the concentration and geographic 
distribution of atmospherically generated toxicants ^ ,Nanreactive methane and 
photoreactive hydrocarbons together with nitric oxide and nitrogen dioxide must*' . 
be detected^and measured as they are ^E^tted from stationary and mobile sources • 
Simultaneously, aldehydes, o2one, 3nd* paroiqr^acjiJ nitrates must be sensed as they 
are formed at varying distances and elevations from the primary pollutant sources. 
The general occurrence of a photo chemical -oxidant/ reaction (and resulting plume) 
over a city wherever active radiation i^ adequate illustrates the global^ature " 
of the pr6blem, and emphasises the jieed to -ascertain the long distance fr&isport . 
and dynamic reactive characteristicV^-of these urban photochemical plumes^ It 
is also necessary to be able to^'Sjstinguish between anthropogenic ozone and 
natxifa]^ background as Veil as tc> be able to determine the nature and fate of the 
photochemicaVly produced aerosol. ' ' . * * * 

Pollutants present ip the lower layers o£ the troposphere and the degree of . 
accuracy required for measur«nent on a regional basis are given in Table III. 
Also included are potential problems that show ^hy there^Ss^need.to be concerned* 
about each pollutant. Principal users who may^be intea?e*ed in data colledted on 
local and regional bas^s are shown in T^le I\r. Basic needs withra four categories 

are indiTCated for ^arh T^ipr. » * 
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Pollutant ' 

Constituent Accuracy 



Problem 



-CO 



H2CO 
« 

Halogens ' 

.NH3 \ 
S02* . 

• > 

H2S* 



PAN* 



<HC> 



03^ 



H * 



10 ppb 

10 ppb 
10 ppb 

* 1 ppb , . 
1 ppb 

1 ppb 

1 ppb 

* ,^ 10 ppB 

10 ppb 

OA ppb=* 

QA ppm 

Ik 

* 10 ppb , 
10 ppb 

1 to 10 ppb 

<1 ppb 



Determination of sources, sinks, and lifetime in 

lower atmospher^e . . ^ , 

Participates -in piiotochefflipal reactions . ' 
Indicative of ^oceanic , processes >' • . 

Participates, in. photochemical Reactions. * * 
Irritant at concentration near t ppm- , • 

^ , Toxic ahd damaging (especially. fluoS^ne and . 
• hydrogen .fluoride) f ^ 

Bromine indicative of bioproductivity of "oceans • 

^ Combines with sulfuric acid to form (NH4)2S04 
j)articulates^ 

Damage to plaUits 

Particulate formation subsequently contributes to 
atid- rain • ; f 



Oxidizes ^0 SO2 
Natural' source uncertain 



Dajfiage^ to plants and 'toxicity lat concentration 
(measured in ppm) * ^ tj* ' ' 

Photo-oxida*ion of hydrocarbons and particulate 
formation - ^ , ' ^' 

Precursor of peijoxyacyl nitrates (PAN) species ' 

Class of toxic an^ ii^itant products of pkoto- ' 
cheiaical processes * • 



^ Particulate formation by photochemical processes . 
(necessary to No^^ious and toxic products 

distinguish ' ^ ' - * 



species) 
10 ppb* 

10"^ ppb 



Irritant and destructive; product of photo- , 
chemical processe^ involving <HC> and NOj^^ 
« • • ♦ 

Transported in atmosphere; toxic where it 
- accumula,tes in biosphere ( * 



♦Accuracy estimate speculative or long term. 

TABLE III REGIONAL POLLUTANTS IN TROPOSPHERE' • 
(Prom Remte Measurement of Pollution^ NASA Publicatibn SP-Z85) 

11 
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Basic Needs 




, ^ • • . Near Surface 
Principal Users . ' * 'Sensing (local) 

' n ; ^ 


• 

Regional, Air 
Quality Data 
* 


Predictive 
Model Inputs'' 


' Major Po^nt 'Source 
f Enissions • , 


.U,N\ organizations \ X 


X 


X 


' r — 


Fedfer^l ag^nc^TS^* , . * • 








^ PDA . " .* V 


X 


X * 'J 


^/ . x- * ■ % . 


• ^ 

NOAA • 

• • 




X ' 
X 


* / 


• 

ryvr 


X 


V 

h 




/ tttrw V 
ntli 


X 






State ^and local agencies • ^ 


• 

-X 


V 

X 


• * ; 
* 


iceguiatory * a 


A 


X 


* V 
A 


Planning ^ X 


X ; 




Resource • ' * , , * X^ 
Regional ^ir pollution control boards ,X 


' • X 


X 

fr X 


X- 
X 


Envirorcnei\tal consultants ^ X ' ^ • 
* Engineers and architect? * X 
Research and scientific investigators. X 


X 
X 


X 

. : X 

X ^ 


X • 

'X ♦ . 


Medical and narsing professions " . X 
. ,Public*intere§t groups ' X 


X - . 

• X ' 




: X 

X 


.Industrials^ . X 


X ^ 


X . 


X 


Kews aedia " X 

* < 


X 


X 


X 



•Standard Industrial Classification Groupings': w * ^ 

• (1) Transportation, conaunications, utilities and»sanitary services* 

(2) Construction • i - * ■ 

* ' (3) Manufacturing (chenical, fabricated netals, paper, petroleua, priaary tjctals, transportation 
^ " equipq^t)* ' 

(4) Mining, - . . ' 

• ' ' * - ♦ . 

TABLE IV USERS AND NEEDS FOR LOCAL AND REGiaVAL . AIR. QUALITV MONITORING IN TROPOSPHERE 
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) ' MONITORING JN-m STRATOSPRH^E ' % . ^ 

,^ . - The ^stratosphere is the region of ^xhe atmosphere from about 12 kilometers to 
50 kilometers above the surface, of t^ie earth* ^lere are growing cpnoems ^bout 
the potential fai;;f effecting significant chai^ges in -the worldwide "Sifcatic condi- 
tions through, the^introdifctioX of both trace -gakes. and particulates into this pro- 
tective barrier of our planet. Follutants can be injected^into t*ve' stratosphere 
by ex\:ha^ge*of air between the stratosphere and, the troposphere. *pie effects of 
^ vp^^thds natural phenomenon conceivably may be modified as the pollutant load at th^ 
) ^boundary between the troposphere and the stratosphere increases, or changes in 
character. Man has already introduced materig^ls into the stratosphere ♦as th*e 
/result of ^weapons testing^ R^s'fdence times these materials in the stratosphere . 
ajii fallout pat\em^^ttest that excfianges do oc6ir between the ^stratosphere and 
^ the troposphere. - ' ^ n 

•More recently man through aerospace vehicle^ has put cdmbustion products, * 
both trace gases and particulates, di3iectly intqfthe stratosphere. In addition, 
a number of countries ha\Ae pursued^ development q£ jkt aircraft that may be. opera- 
ting routitiely in the stratosphere withlin a rel^tiv'ely few years. * • . * 

A substantial amount df attention both n^tlbnally 'and intertiationally has 
been ' sfiowered on the potential global implications. of man's perturbation of the ^ 
stratosphere. SeveraJ major interdjsciplitiary: studies* have focused specifically 
^ on this issue. The case has been well* documented already for developing programs ^ 
' aimed at investigations on a global scale, however, in the iivterest of placing 
.such investigations in perspective with other 'environmental needs and , of examining 
priorities, a brief summary of the pituatioji is included herein. ' * • ' 

Several basjLc properties of the stratosphere m^e it sensitive ta the*injec- . . 
tipn of trace gases ^and particulates of both man-made and natur^;"(5rigii!. **^,. The' 
stratospheric ozone layer • filters out ultraviol-et radiation froi?* th;e,siHi'thkt*is., 
harmful to most forms of earth life. The .photochj?mical'pro(;es?es tl^at "deitejsj&iie' ' * 
the 020i}e content are not, well understood. It^is easy, -to .co^cj^ive* tKat the intro- 
duction of ne*v materials or the increase in quaht^.ty,^6£ diesical forms leadin|f''to~ 
new equilibrum values ^could significantly al£gr -thiaTprcCtective o2^ne barrier. 

Fine particles ^dispersed in the a^osphere\affect the heat balan^fee of the 
earth because they both ^reflect and absorb radiaxioiTfrom the sun and the eaxth\ 
Man introduces fewer particle^ into the atmosphere than do rfatural sources. In 
any case, particle levels have been increasing through the. /ears. In the tropo- 
- sphere, residence times of particles ^ire of the prder of six days t;o two weeks 
but^ in the lower stratosphe^, 'may be from one tp three years. These long' 
residence times ^ plus the phApchenical processes that opcnr there, make the 
stratosphere wore sensitive^»injection of particles ^thiati the troposphere.* 
A broad spectrum of RMprograms concerned with stratospheric pollution 
appears to be underlay or planii^d.' A major current activity is the C14matic 



, *SCEP and SMIC reports (see. p*. 2 above) ■ . , ■ • 

**SCEP report (see p. ^2 above) and Remotk Measurement of Polttltion. NASA SP-285, 1971. 

« . > 
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Impact "Assessment Program <CIAP) beiiig conducted by the ©apartment of 
Transportation (DoT), This pfogram*seeflte to be oriented largely to the question 
of possible environm'eBtai -g^fecfs: of ^aircraft flyijig. in the stratosphere. Otiier 
federal agencies si^h as NOAA, NSF, USAF^ AEC, and NASA reportedly have increased 
their iqyels' of ^aC-tivity on strat-espherfcvreseafch programs/ 

Th^ Panel oh Environmental Quality found jt iippossible, within t^e time 
const raj.nts of this 1974 .summer spudy, to revi-^w 'all the .elements of what at 
to .be substantial natixinaX and international efforts to understand better a; 
establish baseline. characteristics of the stratosphere. It appears, howeve 
from the; Panel limited survey'^'that the principal thrusts of major ptograps under- 
way by NASA and DoT are mission oriented, that is, aimed aj^essessing the potential " 
impact of future aeit)spaceVapp locations, (space shuttle and supersonic .jets). The 
supporting R§D includes sXudie^ on atmospl^ric modalingj fundamental physical - 
processes', and instrument d^elopment. It appears that' th^ global implications * 
of - expanding world-wide industrial 'activities and the pi^ectec} grpwth in world . * 
population prcmde strong impetus for increasing our. knowledge about how man's 
act^ivities on e^rth qudtei independent of aerospace and jet 'aircraft d^elopmeftt. 
-r affect the stratosphere! ^ ' , ' • 

The .PaQel on Environmental Quality benef ite^T^om substantial staff, work 
'done' at the NASA Langley Research Center on a'^preliminary plan (unpublished) for 
a stratospheric research program, Information was .made aA^Ailable on previous 
work, on the present status of stratospheric research, and pn .unresolved proble^ns. 
Although we had no opportunity to scrutinize in detail this I preliminary plan, we 
believe that its basic orgalrization into categories of (l^fffieasurem^nts, *r 
(2) modeling, and 1(3) fiindament?! physical proaesses addresses basic nee'd§ as we 
understand them, , i ' ' • ' * 

^ We have shown in Table V pollutant^ with a potential global impact on environ- 
^ment, the regions in the atmosphere where the pollutants may be found, ^ the degree . 
^o£ accuracy necessary to measure them, and the reasons why we are concerned about;,* 
fach one, ^Principal users and basic needs oC.eack user Mthin five categories* 
are*^ included in Table VI^ ^ * - *- ' ^' " - ^ 
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WAtER QUALITY 
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■ Major changes in the approach to water quality management have taken place 
in the United States — changes whose impact will .be almost as dramatic as the 
fr''fQ?m^^v^''fMc^' Analogous to the goal of achieving a moon landing within 
the 1960 s, the U.S. ,now has a goal of total water pollution control from point 
sources by 1985. Although there are many who consider the goal as unnecessary 
from a scientific point of view and/or unwise froa an economic point of view 
■there should be little doubt that the goal is achievable or at least approachable. 

The goal was established by the Federal Water Pollution Control Act ' 
Amendments of 1972 (PL 92-500, October 18, 1972). The Act not only sets national 
goals and policies but spells out specific steps fojr implementation and a time- 
. table for achieving results. In addition, states have passed parallel and supple- 
mentary legislation to assist in meeting the nation^ goals. Various federal iaws 
related to toxic substances and ocean disposal also support the national goals. ^ 

Basica-^y, .the Act spells out in an explicit manner that oirr approach to 
water quality management is now based on the' concept that we ^11 keep pollutants 
6r impurities out of the environment to a ma;)dmum extent. By contrast, the prior 
policy allowed the discharge of pbUutants based on the carrying capacity of the 
environment. Dilution is no longer an acceptable method for waste disposal 
although It may be necess^ in certain Situations. . Nondegradation Xs a very 
significant factor in water ^ualjty management ^ ■ 

The Act is very comprehensive. A limited number of 'provisions which have a 
direct bearing -on the needs are identified here, as follows: . 

Dischargers required to have- permits by December 31, 1974. 

All municipal sewage treatment -plants teqtiired' to have secondary 
treatment by 1977. 

. 

Best practicable control technology onfrently available nis't be 
. applied by industrial sources fay 1977 and by municipal sourfces 
• by 1983. 

Best available technology economically'achievable must be applied 
by mdustVial sources by 1983; , 
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All waters to be suitable for recreational purposes, fish, and 
' • aquatic life by 1983. • 

Discharge ^of pollutants from point sources eliminated by 1985. 

Control of txjxic and haztodous materia^ • - . 

Ocean discharge limitations (Marine Protection, Research, and 
Sanctuaries Act of 197m . ^ 

Residue disppsal. * * ' - 

Although there may be some slippage in meeting the dates, total pollution 
control may not occur, the National Commission on Water Quality (which is to 
report to the Congress in 1975) may recommend changes in the Act, and jcurrent 
court cases may. result in changes in the interpretation of the Acj:, the Act is* 
being implemented by the states and by* the federal government. We can expect the 
following to occur within ^tlte^ext fi\)e years: " * , 

Major reduction in pollution from all point sources, both 
industrial and municipal, including combined and storm sewers; 

Significant reduction in pollution from diffuse soid^ces such 
- a^irban and rural runoff, and activities related to agriculture, * 
mSrog, oil and natural gas, and constarUction; and 

' Almost total elimination of discharge of toxic substances. 

Within two years we may |pq)ect to have a monitoring program which will 
include: 

Over 40,000 industrial plants (point sources); 

^ . Over 13,000 municipal sewage treatdnent plants (point sj^urces); and^ 

Over l6,000 water quality stations operated by local, ^tate, 
interstate, and federal agencies '(ambient). 

" . ' USERS OFj MONITORING AND NEEDS 

» « 

Water quality monitoring is required for regulation and .enforcement, plan- 
ning, forecasting, and scientific inquiry. Users include all government agencies, 
local, state, and' federal, who are resp9nsible for these activities. The data 
also are*useful to industries that in any way affect vfater quality. T^ese 
include manufacturing^ agriculture, fishing, commerce, mining, and recreation, 
for example. Concerned international groups and the public at large, particularly 
persons interested in ecology and conservation> also would and want to have access 
to the water quality information* 
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• t ■ ^^^^■ii'^ needs. include the identification and location of pollution' sources * 
ipoint, drffuse, and natural); the measurement of specific parameters at point 
dlllT Ta environment (streams, privers, lakes, estuaries, coastal waters 

oceans and ground water); and the collection of data to assist in the develop- 
ment and verification of mo^elsT by which we can convert emission levell to 
coiresponding ambient levels. 

r.^iJ^^xf^^'"''^.^^ enforcement requirements include the njeasurement and'quantifi 
cation 6f specific water quality parameters at both point sources and in , the 

shonlHT.'ir°;?;^"^,/°-^^ ^'^^^"^'^ ^^^^^ functions, the ^instrumentation • 
snould.meet the following requirements: 

Spatial resolution: 0.5 m tcr-.iOO a 

Tei!5)oral resolution: 1 second to 3 months 

Area coverage: o.5 km sq. to 1/3 , of emh's surface 

Vertical, resolution: . 0.5 m to 2 m \ 

Delivery-. time of- data: - . real r time to 1 year 
->s Concentration sensitivity: 10"^ g/m^ ^o 0,1 g/m^ *- ^ 

. In addition^ the instruments should have all-weather, day 'and night capabili 
ties and shoul^e sensitive to changes in turbidity, -color, etc. The data 
obcamed shoi^d be directed toward the deteimnation of pertinent quality para- 
meters, physical, chemical, and biological. 4 / p«*xt 

A number of requiremAts and problems in water, quality management ^or whixih 
a spatial monitoring^ component may be 'desirable or necessary include; 

Spills -toxic and hazardous materials and other accidents 
and episodes p , , 

, Optima! location of in situ'sensoxs . ^ 

\ Verifying .location of in situ sensdrs 

Strategic ^location of facilities for spill cleanup ' * * • ' 

Pediment sources ^ 
Red an d^ toxic tide's * ' " - 

^ Biosensor application in ,wildlife and fish ana aquatic life 

Fisrh kills . <• 

Pollution from boats^ vessels, and jnarine structures 

^ Data from a satellite-bas,ed sensor may be essential to the -solution #f 
certain other environmental , quality' problems. Some of 'these are listed in 
Appendix C, 

?-50.V'IT0RLNG COASTAL ENVIRON>IENT AND OPEN' OCEANS 

IVo areas in which thfere ate high .priority needs for water quaUty' measure^ 
ment and monitoring are (1) ppllution sources- neai^ coasts and (2) the oceans" 
(the ultimate sink for many of the polliitants>. Changes in open ocean quality 
will b^ small even if direct discharges from coastal sources ,. runoff from^ands 
adjoining oceans, and po^utants discharged through rivers are considered. Any 
changes in ocean quality or the effects of those cha^iges will first appear and . 
will be concentrated m estuaries and near-coastal zones. Tnerefore,' particular 
emphasis must be placed oir moiiitoring tHese parts of the coastal environment. 
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An imderstanding of coastal water dynamics is needed in solving the problems 
of liquid waste disposal and power plant sitings. Rapid initial mixing and dilu- 
tioi) Ire well ipdersjtood but it is difficult in practice to detect what happens 

the subsec^uen^L plime, often at depths of 20 meters to 40 meters. The plume 
may persist for sevej^al kilometers and the widt^ may vary from a few to hundreds 
of meters. Sensing probes are needed for accurately- detecting such plumes. The 
information will be ^Jorticularly vaj^abie not only if the plumes can be detected 
but also if the nonpoifnt- source inputs* from air -and land to the oceans can be 
synopji calmly obtained. ' • * 

Ocean current patterns are of great importance to liquid waste dispersion, 
diffusion, precipitation of remaining solids, etc. * Definitive information about 
water movements will greatly aid in monitoring existing discharges, in. setting 
ocean discharge standards, and in design pf future wprks. Today very little is 
really .knovm about the sources of sea water in any given coastal area, how long 
it stay^ in 'an area, and how quickly it diffuses when polluted with foreign 
materials. 

Although the Earth Resources Technolog>' Satellite (ERTS-1) was no^ specifical- 
ly designed for .water quality nor parsh investigations, it may be se5n from 
Table \1I that S(toe degree of success was achieved even in these applications. 
The encouraging results achieved so far with ERTS-1 and other space systems lead 
us to conclude that additional effort toward further devlslopment of space systems 
to monitor the coastal environment can help significantly iif ^^isfying.the 
requirements outlined herein. 



Temperature ' ^ * ' 

The temperature of mat^ials introduced into open ocean water may have some 
ecological impact but is considered unimportant by most authorities. 

Degradable Organic Material " r 

.Degradable organic material nay be either dissolved or suspended. ^TJ^e ox>'gen 
consuming characteristics' are *not considered to be significant in open* ocean or . 
coastal waters but can be significant in estuaries. Particulate matter can restilt 
m reduced water transparency i however, low transparency is generally typical of 
coastal waterst The organic material may stimulate phytoplankton growth and 
enhance the bioaa^ .of the area. 

Concentrations of material from waste disposal plants are of the order of 
lOOg/n^ or less, k^pid initial dilution . may reduce thift value to between 
0.01 g/m^ and 1 g/m^. Thus, the detection range must bd^from O.Ol g/m^ to 100 
g/n^. 

Floatable Material 

Minor but impditant,^«?s$onents of waste jwater discharges are buoyant and 
appear on the ocean Su^ace as thin filns. ^^aterials included are oil, waxes, 
tars, fats, greases, and^-^Jafticulate debris.* The slick or oily surface is visibl)' 
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displeasing and when concentrated in convergence zones contributes to* littering 
of the oceah and subsequently of the shore. ^ 

Fatty tod waxy substances are not foreign to the sea surface and are pro- 
duced in large quantities as a part of the sea*s natural ecology. Natural sea 
slicks are not uncommon. 

Present methods of distingipshing between natural and ipan- induced floatable 
materials are aifficult and subject to error. A real need exists to develop 
space system capability to measure and identify various types of ocean slicks. 
If devefloped, this capability should be extended to distinguish between man- 
induced petfoleum spills and petroleum contributed to the world's -oceans by 
natural seeps. This should be feasible because j)etroleum from different sources 
varies in characteristics, such as sulfur content, metals, ^etc. , as do refined 
products from crude oils. Monitoring the movement of such slicks is required ' 
for verifying protective models and for real-time surveillance and cleanup 
operations. 



Nonbiodegradable Organic Materials ' 

' i . ^ 

A principal class of relatively nonbiodegradable organic materials is the 
chloriTiated hydrocarbon* series such as DDT and polychlorolbiphenol (PCB) . Tnese 
materials are retained if consumed it! the food chain -and their concentration is 
aocunulative. 

Present regulations in California limit chlorinarted hydrocarbons in waste- 
water effluents to 0.002 g/m"^. Initial dilution reduces the concentration, by a 
factor of at least 100. Detection of this material at a depth of 20* meters to 
40 meters is considered difficult. 



Trace Elements and Compounds 




Metals that are considered important trace elements are arsenic, cadmium, 
chromium, copper, lead, mercury, nickel, silver, and zinc. C>'anides and ^phenols 
are also important. These elements and coiapbunds, if present in sufficient con- 
centration, .either inhibit or destroy marine life and, consequently, rathdr 
se^'ere restrictions are imposed oi/ their discharge. Regul^ations at present in 
California specify from 0.1 g/m^ to 0.005 g/m^ j^or these materials. If waste- 
water effluents have an initial dilution of 100 to 1, the subS'^uent concentra- 
tions range ftrom 0.001 g/m^ to 0.00005 g/m^, the latter value representing back- 
ground sea water concentration. It thus appears unlikely that any remote sensing 
equipment can be developed for these materials. ^ 



Water Turbidity 

Water turbidit)'^ lirt?its the deptli- over which photosynthetic activity takes 
place in coastal waters and also s'erv'es as an indicator of water quality. It 
limits the ability of remote 'sensors to penetrate water in order to provide the 
needed third dimension. . Penetration dept^is in most coastal waters range only 
from about 1 meter to' 5 meters and even that range is at only visible wavelenths. 
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Recently, ERTS-1 has been successfully employed to monitor suspended sediment 
concentrations and current circulation patterns in the upper few meters of the 
water column. It is desirable that these techniques be further refined, since 
suspended sediment and its movement significantly afSfect marine life* 

• « 

Chiorophyll and Algae • 

Concentrations of chlorophyll and algae in various forms can indicate the 
productivity or pollution of coastal waters. Both properties have been success- 
. fully mapped from aircraft and satellite altitudes. It is important that sensors 
be developed to monitor concentrations of not only chlorophyll -a ,\ but also of 
ot^ier chlorophylls and pigments. Tunable laser ^yste^ for detecting chlorophyll 
have been used at Jow altitude. These systems should be improved in order to be 
usable from higher Sltitudes than at present. 

♦ 

WETLANDS MANAGE^ENT 

■ , Commitments to "environmentally sound coastal land management that have been 
generated m fedetal and state governments over the past few years have produced 
a demand for accurate and complete data on which to base policy decisions." 
Coastal wetlands, in particular, have "been the subject of much Controversy and 
litigation. The lack of survey-type information over broad areas of the wetlands 
IS evident. Wetlands of the type found along the east coast and elsewhere in the 
U.S. are well suited to monitoring by remote sensing techniques, particularly by 
multispectal analysis. The uniform flatness of marsh topography eliminates 
variations in reflectance due to sloping surfaces and shadows. The most common 
species of marsh plants are few in number so photo-interpretation is simplified. 
Environmental changes^ whether natural or man-made, generally take place over 
large horizontal distances in a marsh. Therefore, zones of relatively unifom 
yegetatitfn or land-use are usually large enough to be discernible, even in satel- 
lite imagery. - In particular the morphologies. of the major species are different 
enough that the plants have distinct reflectance characteristics. Thus, multi-v 
spectral imagery can be readily used.to make detailed wetlands maps showing 
vegetation groifth patterns which axe related Xo Ibcal environmental factors. As 
a>-resylt, automated techniques have been successfully en^jloyed -to prepare from 
ERTS-1 digital tapes precision map overlays which show more than 12 categories of 
coastal land use and vegetation and have accuracies higher than 85 percent for 
•all categories mapped. The most, urgent improv£snent r^^nTred is an increase in 
resolution from about lOa meters to between 20.meterZ and 50 meters. The ERT§-1 
coverage cycle of 18 days, even .with losses due to cloud cover, is more than 
adequate, since most land use managers are satisfied with annual updates of their 
land use 'maps. 
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■ LAND QUALITY RELATED TO USE 



r.on.c^'^-"^® planning and management are (Jetennining factors in tjie-cjuality of 
man's environment. The kind, extent, and location of agricultural cSerS^f 
domestic, industrial, -recreational, and transportation S^SJ^n 'aS^t 
Sd urltl f f ^.r'' ^ productivity or deterioratiTof tS iSd P 
and urban water runoff may cause damaging land erosion and chemical as 7eli/d 
sediment loading of streams and contamination of domestic water SppSe^! Y - 
S "-ter outfaUs typically cause driver pollSioh^hiJe 

thTll^f ^tT^ residential space heating is generally more tr^biesome 

^c2 ofi^?r ^f- ^'"i^'^- Concentration of inlstrial 

sources o^ air pollution upwind of a community usually causes ereater air o„fllirv 

^d tS r^;fv°^''' f pollution is th6 exhaust of automobiles, buse^ 
^taHnJ^cirr arterials, and downtown roadw^s. The trani- 

portation system, vehicle mode, distributioa and density of commercial centers 
i^d ^eS.S? Pl^^ing space for roadways ,'^and provision of p^L' 

tion!^^fJo" l^^ jnflyence the severity of transportatioS-cffeated aij pollu- 
iTl. \^^^°^f of pollution and thus an improvement in. environmental quality 
can be achieved by coiisideration of weather and climate and by utilization of ^ 
the dynamics of the carrying capacity of air, water, and 1^ "z^rion ot . 
, Land nay be used for the disposal of wastes iir the following ways: 

Application of waste waters 
Application of organic residues 
• Disposal of residues, such as toxic and hazardous materials, 
tailings, culQ, etc., and solid wastes • • 

Soae of these uses may be beneficial but others have a potential for causing 
n^S^S!!^"' "^^^ ^^Vosal of solid wastes. Thes6 " 

""^^f topography, as in changes in laud ^inrface and in 
land quality at surface (humus); (2) leacha^es, ^ in varying co^osition and 
in presence of salts and dissolved organic material; generally rSuire seSina 
at varying, depths in land; (3) gas generation, as when appreSaS^^SntitJS ff 
methane and carbon dioxide produced in some disposal sitS pollute Sr^^d , 
"cSi^CH^'^d C^^ through ten^orax>' or permanent ground cover; sensing of 
S^h^oJd s^'t? ^ ^ ""^^'^ delineate problems 



25 



ERIC 



35 



PUBLIC HEALTH 



Habitats on land and in C9astal waters are strongly influenced by climatic 
conditions .and by air, water, and land quality. These habitats and their eco- 
systems^ usually display associations which become useful environmental signatures. 
Chlorophyil-a descriptors have demonstrated the ease with which plai?t communities 
can be identified and'.have led to the mapping of their 4iscrete vegetative com- 
ponents. Information on specific soil, water, and light requirements of certain 
plant species allows detailed descriptions of habitats and, in turn, opportimities 
to identify ^animal communities associated with them; e.g., use of chlorophyll 
detection for remote sensing of plant communities in the vicinity of New Orleans 
has provided a fast and ready means of identif>*ing the breeding giiounds of mosqui- 
toes and thereby has enabled an economically efficient, chemical coi^trol of that 
obnoxious insect. ^ . 

The soil, temperature,' and moisture condit^ions required for the development 
of certain insects in particular habitats may provide a means pf early detection 
and application of appropriate biological or chemical control; e^g., the hatching 
of the cattle screwworm under certain habitat and environmental conditions may 
be detected, by remote sensing, in advance of population buildup and contfol may 
be effected by release of sterile males in specific geographical areas. The fire 
ant, a scourge of the southeastern U.S., exhibits epizootics* ajid frequently * 
requires extensive diemicaj control by aircraft applications *of pesticides that 
are only nominally hazardous. Considering the life cycle of the fire' ant aj)d 
the environmental parameters of its habitat may reveal a remote sensing capability 
for detection and early control through localized applications of' pesticides. 
Thus, the public health hazard incurred through inadequate and tJiappi;opriate con- 
teropoxary .control procedures may be reduced. 

Disease epidemics of economic croiJs may be controlled through timely sensing 
of foliage color changes^ together .with measurement of air temperature, relative 
humidity, and possibly the duration ef surface water films. The feasibility * of . 
this type of control should/be evaluated for its potential in identifying affpcted 
areas and in* scheduling of the use of chemicals against foliage fungus blights, . 
such as downy mildew of tobacco, late blight of potatoes, and powdery mildew of * 
grapes. Remote sefising of chlorophyll may also be a useful tool in assessing the- 



*A disease' that affects many animals of one kind at the same time. 
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occurrence, distribution, and econpmic value of damage to forest crops that are 
exposed to toxic dosages of fluorides, ozone, or .sulfur dioxide. 

The application of habitat and environmental .sensing should be considered 
for purposes of controlling vectors* responsible for critical disease in man, 
the success of the" mosquito control program in Louisiana suggests that timely* 
location of breeding grounds for veptojs Knbvm to transmit pathogens, to human 
beings m^ provide opportunities to treat chemically the breeding grounds and 
thifs forestall Epidemics, ,A seriously debilitating disease in regions of Africa 
is an insidious and devastating blindness caused by an organism which is trans- 
mitted to man by a black fly. The insect's breeding areas and life cycle are 
associated with identifiable aquatic habitats and particular envirqnment con- 
ditions. The sensing and reporting of events leading to a buildup of black fly 

'populations will enable a concerted, targeted, and preventive chemical control 
action. The application of sp^ce technologies to the control of this age-old 

.disease with its appalling toll will indeed be a signal achievanent in public 
health and demonstrate a truly humanitarian aspect of the space program. 

• "a ' 



^Life-forms (usually insects)' capable of canc^ing disease-causirtg bacterid or 
viruses, - • ' ^ »^ 
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MEASUREMENT TECHNIQUES 



UTILITY' OF EXISTING SPACECRAFT 



Although measurements of environmental quality from space have not been plan- 
ned primary goals of satellites launched to date, useful data have nevertheless 
been obtained ia a number of instances^ 'These data have included air, water, and 
land quality information. There is no doubt that, particularly in the case of air 
and water pollution, a remote sensing system designed to evaluate environmental 
quality will yield far more useful data. 

^ The data collection system (DCS) on ERTS-1 has been veiy successful. It has 
shown that low-gost ($2,Q00 to. $3,000) surface platforms cart transmit data to a 
spacecraft for subsequent transmission to a ground station. The large number of 
data stations, in addition to the relatively low bandwidth of this\type of data^ 
make this kind of system very attractive for environmental quality monitorijig. . 



N 



7 

MONITORING SYSTEM CONCEPT 



Remote sensing from spacecraft and the DCS approach will probably be most . 
effective #when used in conjunction .with lower altitude sensing using aircraft and 
balloons and with in situ sampling within the total system.. Figure I is a simplir 
fied block diagr&m showing the flow of data in an environmental monitoring system* 
In this case, some in situ sensors send data directly to the user while^others 
transmit them to a spacecraft DCS, Two ground terminals are shown in Figure I, 
One receives a high -bandwidth remotely sensed data from the spacecraft for subse- 
quent processing. by an agency data center. The other is under the'direct control 
of tiie.user and receives DCS data and low-bandwidth remotely sense* data. Agency 
aircraft are used to collect data with both ranote and ^rborne in s^tu sensors . 
and to transmit them to the center (in some cases' via a DCS) for processing ahd 
later 4istribution* to the user, • , \; 

;tt ia cl ear that a spacecraft data collection system which monitors environ- 
mental platforms is a key element of the total system. In all likelihood, however, 
remote s.ensing can be used to effect a substaiy^ial reduction in the number of plat- 
forms required. I This would be accomplished by (1) using remotely sensed data to 
help select optimum platform sites^ (2) 'using remote •measurements to interpolate 
between platform measurements, (3) comparing remote data witi\ in, situ data from*".^ 
platforms so that a relationship can be established and the platform eventually " * 
removed. ' ^ ' , . 
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^ . TRENDS IN REMOTE SENSOR DEVELOPMENT . ^ ' ' ' 

Certain trends in the development of remote sensors for pollution measure- 
5ient appear <to offer particular promise in terms of user needs described in the 
preceding septions, ^ These trends sljpuld be encouraged. They are the basis for 
the following recommei^datiohs: * i . • . . - - . ' 

-Techniques fpr ve'ptical sounding of, gaseous air^pollutantSj 
particularly below the stratosphere'^ should be investigated. ' 

^ Investigations of liddr\ for aerosol rrj^asurement should con- 
tinue. ' * . * . . 

The longer "tioell time'/ avdilable for instruments to make a 
> measurement when in geosynchronous oiS^it should be fully 
* utilized tt> improve sensitivity (many^ environmental qijfility ^ • 
-applications require geosynchronous debits for coverage pixrpos%Sj 
^ in any 'case). \ . ' . * . . \ 

-» .* ' • . • * 

Radar and passive 'microwave measurements should* he^ vigorously * 

pursued wherever applicable becaus^e of their all-weather 
capabzlity. • ^ «• ' • 

* • 
\ Sensors opera'ting^ in the, region Of wci^ei\ trgnsparency between 
' ' ' OAjm and 0^7^jm (micltiband lidc^^ Tiigh-reso.lution spectrometers) 
should' be developed for, remoie mSasuremint of subsurface , phenomena^ 

None of these recommendatipns^ should be taken to construe that the Panel 
believes that an exclusively spacebome system will be the optimum solution to 
the environmental monitoring problem/ As stated before, a system involviiig a 
satellite data cQllectiori system, remote sensing from bpth aircraft and splice- 
"craft, and in situ measurements .as required* will probably prove most effective. 
Thus, the user needs described^ in this report should be carefully reviewed in 
^terms^of pach method of measurement, both in current and future- time frames. 

Sensing, of Air Pollution from Space . ' * 

The fixs't quantitative measurements of air pollution will be made from space 
by tlie NIMBUS-G satellite in 1978. Table VIII $hows approximate minimum con- * 
centrations of pollutants to be detected as well as the horizontal resolutions - 
tp be o{)tain by each IAMBUS -G instrument. It should be notfed that the two instru 
ments giving vertical resolutions of l^kilpmeter are limb scanners .and, as such, 
will only rarely be able to make measurements below the stratosphere because of 
cloud cover. Jhe Ga§. Filter IR Radiometer, which'views the .entire vertical- 
column, sees to the surface. but is'uriable to resolve vertically. ^ , ' . 

♦Light detecting and ranging ; ^ analagous ' tb radio detecting and ranging (radar) 
•jbut using the coherent light output of lasers • • * ^ . . 



Because of lack of vertical resolution^ effective minimum measurable con- 
Gyrations are, higher than the values shown in Table VIII. For example', if a 
/pollutant fills tbe field of yi(BW of the instrument but is homogeneously dis- 
tributed below an inversion layer at 3 kilometers altitude, the effective lainimum 
^mea^urable concentration is higher than the value shown in Table VIII by a factor 
*of ab^ut 3. Similarly, because^ the horizontal resolution is 115 kilometers 
features of limilred expanse, such as plumfes, must have minimum concentrations 
greater than the values of Table VIII by a factor of ^ 
• ^- 



V . ^ LW ■ 

f 

where L and K are the horizontal dimensions of the feature in kilometers. Thus, 
the planned instruments on NIMBUS-G will be of very limited utility for measure- 
ments below the stratosphere.* For exassple, a sulfur dioxide plume 3 kilometers 
wid^e, 3 kilometers thic^:, and 25 kilofeeters long must have a:r;^verage concentration 
-of i.6.ppij to be detectable. Also, the frequency of measur^ent will be less than 
that deseed for .tracking low-altitude pollutants. % ' 
J. If 6nly stratospheric pollution is considered, these problems almost disap- 
pear. The pollutants are much more dispersed and in most Cases should completely 
fill the field of view of the instrument. In addition, frequency of coverage 
should be quite adequate to cover the rates of change anticipated, in the. 
stratpspbexe. \ » ' * , _ 

^n order to make measurements at lower altitudes and with greater frequency," 
teciiniques for use in ar^geosynchronous satellite should be investigated. Resolu- 
tion may be improved,, while sjjisltivity is maintained or improved, by taking 
advantage of the 'longer tiine available to make an individual measur^ent. Studies 
J of both gas-filter -correlation and interferometer techniques^ operating in such 
a\^w- frequency measurement mode, may yield new ideas of low-altitude pollutant 
meaiuremejyt: f rom geosynchronous orbit kid perhaps result in, both improved vertical 
^esolu^k^n and sensitivity. 

great distances involved in measurements from geosynchronous orbit make 
the ui^e of lasBt methods appear rather unpromising, fjowever, the availability of 
high electric power in orbit may make possible the use of Raman spectroscopy ' 
of ^dar for aerosol profiling and resonance meastirements • 
As currently planned instrumentation develops, the ability to measure 
additional species may, be expected so that and NO will likely be eventually'" 
included with th^ gases of Table ^III* Aerosol measurements from space, as cur- 
rently plan^ed for NINBUS-.G with the use of limb-scanning and occultation techni- 
ques, will he limited to stratospheric and mesospheric regions. Newer multi- 
spectral methods show p'^ise of yielding both si?e distribution and complex 
refractive index of the aerosol.. . ' , 

Th^ only currently conceivi^d methods of' investigating lower-^titude aerosols 
from space involve laser backscSttering or measiirement of target pol^ization 
from'a rang^of viewing angles. Both metKods are inprocess^of development.' . 
The I'aser probably offers the, best potential and, with multiple-wavelength 
capability, may yield ii^formation oh the nature of a.erosols as well as on both 
Jiprizontal and vertical ^distribjution. 
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Sensing of Water Pollution from Space ' 

Currently planned measurements of water pollution from space are very limited 
and are shown in' Table IX. With the exception of the coastal zone ocean-color 
sensor on ^'IMBUS-G, other measurements are by-products of experiments not delated 
to pollution. However, other. remote sensing techniques available are in process 
Of development which can be allied to water pollution measurement and should be 
pursued include * 

Passive microwave measurement of salinity and, temperature: 
detection of oil slicks ' -T 

* 

Lidar; vertical profiling of suspended solids 

• Laser-excited fluorescence and Raman scattering; identifica- 
tion of oil spills and plankton sjJecies ' ' 

Reflection spectroscopy; evaluation of thickness of oil' • 
spills; identification and concentration of plankton species'^ 

Development of new methods of water pollution measurement from space should 
concentrate on the following three areas: 

« 

Development of instrumentation which can be used from geo- 
synchronous orbit; this will allow the frequent coverage' 
necessary in monitoring operations and also, will enable more 
sensitive measurement by allowing* long instniment time constant;s^ 

J)evelopment of instrumentation and techniques to enable the 
vertical profiling of water bodies as discussed in the next ^ 
section. 

Development of all-weather measurement capability, which is 
also of importance JLn monitoring operations. 

Vertical Profiling of Subsurface Pollutants 

IlTorder for electromagnetic radiation to penetrate the surfaS of water by 
more than a fraction of a wavelength,, radiation wavelengths between 0.4 inn and 
0.7^ must be considered. At shorter wavelengths,. molecular scattering acts as 

T f«en"ator and, -at longer wavelengths, the absorptioh coefficient 
becomes very large. Withm this consTrained spectral region, several other 
important charafcteristics obtain: a large source of energy, the sun, emits its 
peaK output; a window of almost complete atmospheric transparency covers the 
region; and wavelengths are short enough that electromagnetic instniments opera- ' 
ting m this region can be physically small. • . 

It £hus seens-that an effort should be made to determine if this region fat 
wavelengths between 0.4^ and 0.7^) can be used to measure the characteristics 
of subsurface pollutants. To this end, two^asks should be undertaken: (1) an 
investigation of the wavelengths of mplecu* rotational ahd vibrational bands 
ot all chemical pollutants o.|. interest to de't^muifie. which, if -any, fall within 

^ •*•• •■'' • '' ' 34. "'^ 
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this region (it is realized that most nay be expected^to be at longer wavelengths)^ 
and (2) preparation , of, a mathematical corfel of a pulsed-laser backscatter experi- 
ment whidi viou^d be used to determine how the concentration of partictilates varies 
with depth and also, by utilizing two or more bands, to determine the concentra- 
tion of certain dissolved pollutants* 

Although it is emphasized that the chances of sdccess of thi's investigation 
are modest, the usefulness of a viable schViae to r^sotely measure and map sub- 
surface pollutants makes the effort of considerable inDortance. 
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USER ACCEPTANCE 



/ihe space 'applications program, as currently planned, is not moving ahead 
rapidly enough to hav^ a major impact on the needs of existing programs for moni- 
toring environmental quality, whether for enforcement, control, -or economic 
benefit. At the same time, major new approaches that. are technologically innova- 
tive and economically beneficial are not finding ready acceptance where they 
challenge established practices. . The appHcation of space technology for monitor- 
ing environmental quality is typical. A large number of sensors and instruments 
have been developed for specific purposes in different federal agencies. Each 
has demonstrated a. unique measurement capability although within limitations. 
Generally, the^e instruments or systems now need to be calibrated and refined for 
adaptation to monitoring environmental quality. Their precision and accuracy can 
be modified to provide the specificity needed for measuring pollutants in the 
environment_. The synoptic view afforded by remote sensing techniques can provide 
the overall perspective needed. Eventually, the capability should lead to better 
understanding of spatial and temporal parameters existing in our environment. 
Urgent and decisive action is required, however, if we are to achieve the techno- 
logical innovations necessary to develop the potential that exists for monitoring 
environriental pollutioji, directly or indirectly, from space, -aircraft, ^d ground 
^sterns. Education and training are needed among users in the public and private 
sectots. Als6 needed are effective communications between tfiese users and various 
governmental agenci^, local,- state, and federal. 
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'COSTS AND BENEFITS 



.The Panel did not attempt^ to estimate costs of remote sensing and data 
collection using spacecrdft/ To provide some measure against >Aich to consider 
costs of R5D and of space systems, however, the Panel considered it useful to 
show the level of current or anticipated expenditures for environmental data 
collection and monitoring. 

Expenditures for pollution control monitoring are currently estimated to be 
between $150 million and $200 million annually with an anticipated severalfold 
cost increase if the cuVrfent state-of-the-art continues to ,be used. It is esti- 
mated that the federal (EPA) expenditure is $33 million, that of. state arid local 
governments is $65 million, and that of industries is $50 million to $10Q million. 
Additionally, the federal budget includes annual expenditures in excess 'of 
$1 billion to increase understanding of the environment, which is necessary to 
protect and enhance its quality as well as to control pollution and curtail 
degradation. The annual construction costs for pollution control and abatement 
facilities are estimated at $15 billion t6 $25 billion oyer the next five years. 

The manpower, energy, and other natural resources required to carry out these 
needs are enoimous and in some instances may limit achievement of objectives. The 
benefits from more cost-effective solutions at even the 1 to. 10 .percent level, 
however, are so dramatic in terms of dollars alone that the justification for 
additional vell^planned research^ development^ and demonstrations is. readily 
apparent. Additional benefits that are inore difficult to*quanti^ include: 

Rapid detection and response to environmental hazards 

Public health improvement 

Reduced manpower requirements 

Reduced energy, and re3ource requirements 

Better ^understanding of carrying d^pacity of air and water. 
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TECflNOLOGY TRANSFER^ TEjCHNOLOGY APPLICATIONS^ 

AND SPIN-OFF 



Although the subject is outside the scope of this study, the Panel on 
Environmental Quality suggests that the National Aeronautics and Space 
Administration can probably make a very significant contribution td national pro- 
gleams and efforts in environmental quality management through effective technology 
transfer, technology applications, and spin-off. 

During the next 10 years, many billions of dollars will be spent in carrying 
out pqllution control efforts, most of the funds being spent to install treatment 
facilities or new ^processes which reduce pollution. Needed are new and improved 
techniques that consider cost- effectiveness, reliability, energy iftilization, 
resource and fiianpower requirements, technology, and systems, in relation to: 

Treatment processes 

"mterials of constructiim ^ 

Methods of construction 

^letho3s of design' ■ . " 

Operation of facilities » • 

. - * 

Data and information systems >• . * , 

^^onitoring and surveillance 

« * Resource recovery and reuse ' • * ' 

NASA* has demonstrated capabilities in management of large systems and in, the 
. handling of large amounts of data. These capabilities can be applied to environ- 
mental quality management^ and should be offered to these agencies," organizations, 
and individuals responsible for developing or carrying out. programs to monitor 
and control pollution.^ • 
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SUMMARY 



Recent passage of major legislation at federal and state leve.ls and initia- 
tion of action prograias at federal, state, and local governmental levels and by 
industries are moving iis*at an accelerated rate to a, cleaner environment. An 
implementation schedule has been established wherein most of our goalie will be 
met within 10 yearst It has been projected that in -Access of $100 biliion will \" 
be spent during ^the next decade for pollution control.* . \ 

The Pan,el on Environment^al Quality has reviewed the* needs of major users of/ 
environmental quality data, reviewed recent progress in environmental quality V 
'programs, and identified specific areas where cxirrent and evolving space te&Wol- 
ogy.caa contribute to achieving national environmental goals. The National 
Aeronai^tics and Space Administration t^ASA), recognizing th^ need for environment- 
al qi^lity monitoring, has been carrying out cooperative programs to ^l^ly^ space 
technology to meet usei needs. In reviewing the NASA program*, as well |s related 
programs., the Panel has concluded that substantial progress has been ma^ in 
cleveloping sensors and systems for air quality monitoring in the stratosphere. 
In contrast, th^ development of sensors and systems for water quality monitoring 
is lagging. The Pariel has identified fiitupe needs and made recommenclations for 
further systems develops^ent. In 'addition, the Panel has identified an immediate 
,i;ieed to use state-of-the-art technology to place in operation improved and 
expanded programs for monitoring- air and water qualify to meet enforcement and 
regulatory requir«neiits set up by /he federal goverfiment and by the states. 

The need and opportunity for /the application of more cost-effective solutions 
to the problems of pollution control and publiq health are greatest today arid in 
thefn^ future, although t^Jpre will always" be a need for improved solutions, 
^cordingly, for the effort to hjjve a significant impact on pollution control pro- 
|p?aEi5\^he timetable for using space technology in environmental quality monitox^ 
ing must be greatly accelerated^ 

00 
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CONCLUSIONS AND RECOMMENDATIONS 



^^ONIT0RING SYSTEMS ' , ' 

The Panel on Environmental Quality offers the following cq|»clusions co 
ing monitoring systeos: . " " . ^ * ^ 

The feasibility of collecting useful data on air, water, and 
land quality from remote sensors in orbiting satellites has-been 
demonstrated. 

The feasibility and value of sen^ng environmental quality dat 
from in situ monitprs to data receiv^jpg st;ations via satellit ' 
relay havfe been demonstrated. 




Monitoring and surveillance, are nec^stfy,t6 satisfy ^i^gulato: 
and enforcement requirements forr enslpronmfc€al quality^ to , 
establish baselines, and to obtain data oiSMrend?. Monitoring ^ 
reqi4rements include:^ » x , 

A. Location and identification of pollution source^ and*^ * 
measurements of emissions (for point, .diffuse, and area 
sources) of^bot^ mannnade and natural origins; specifically, 

(1) Remote sensing of. spills of toxi'c and hazardous 
materials and 9ther accidents and ep|.sodes, for 
which satellites h^ve a c^uipk and repetitive 
response capability. ^ 

(2) All-weather, day and night ^capabilities which are 
needed for many environmental quality monitoring 
systems, . - ♦ , * 

(3) Ver*ic^l resolution from gi?6und up, which is needed 
for air quality monitoring. 

(4) ^Data on subsurface* water quality at various depths, 
•which are needed for water quality monitoring. 
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B. MeasuremVt of ambient air and water quality, including * 
chemical changes in pollutants' with time. 

C. Development ^nd verificatipn o5 models to convert emission 
levels to acceptable ambient levels. 

D. Operational continuity in local, regipnal, and national 
programs . 

E. Research bearing on future capability. g 

There is an immediate requirement to place in operation an* improved 
and expanded program for monitoring air and water quality to meet 
enforcement and compliance regulations. Ihe space applications pro- 
gram, as currently planned, is not moving ahead rapidly enough to 
have a major impact on this monitoring and control program.^ Systems 
that appear to be most feasible for the near future are ones, which 
employ both remote- and in sitw sensors and collect data samples 
through combinations of surface stations, aircraft, 'and satellites. 

Users of environmental quality data require a wide range of quality 
par^eters — physical, chemical, and biological --f which can be 
determined by using" instrumentation of adequate spatial resolution, 
temporal resolution, area coverage, vertical resolution, concentra- 
tion, sensitivity, and delivery time of data. ' 

The scope of user neecis has not been"" adequately reflected in curtent^ 
NASA programs for environmental quality measurements, - 

• y 

Some potential user agencies are not currently taking advantage of 
existing remote sensing techniques to the extent possible. 

Missive amounts of envirjonmental quality data are being collected 
an4 stored by many federal agencies without systematic reduction 
and interaction for potential timers. 

Widespread us§ of collected and stored data is discouraged due to 
difficulties in obtaining data in a usable form. 

Based on these conclusions, the Panel makes the following recommendations: 

That irmediate' steps be taken to make full use of th^ techniques 
and systems developed by NASA which are cSrr^tly available for 
environmental qutxlity measurejnent and mpnitoring^ including use of 
'both in situ and remote sensing cdpabilitiesj. 

/ • 

. That those elements of the space appj^icalyions* program which show 
' promise in meeting enforcement and /regulatory requirements for. 
environmental quality be ^accelermed. 



That better institutional arrangements be developed ^ provide a 
broader input from users into program plartrting. ' j 

That a mdre active interagency^ program be developed to assure 
uHVizatiort of the new cost-effective technology naj> avfcildhle. 

That a system be developed to assure ^o the extent practicable y 
regardless of which agency or organization has responsibility . 
for collection or storage^ all environmental quality dapa 
collected are compatiile and are available in forms suitable for 
use by all who need them. 



. ^ AIR QUALITY 

The Panel offers the folldwing conclusions concerning air quality: 

More progress has been made in^the program' for monitoring air 
qual'i^ty by ranot^ siensing than in other environmental' quality 
programs, due in a larg^^ measure to the existence of an estab- 
lished meteorological program and chemical and physical methods 
for detection and measurement of air pollutants • The relation- 
ship "between air quality monitpring and meteorological programs 
has been strong and productive, 

A well-developed R&D effort has been mounted for better under- 
standing of natpral processes, in' the stratosphere as they affect 
global climate and of potential effects on existing equilibrium • 
of the increasing amounts of trace gases, and particulates intro- 
duced into the stratosphere by man . 

The research program on stratospheric environmental effects has 
4received the most attention to djLte. This stems from several 
factors : . , 

A. The fact that several- major studies on potenttaT global 
effects of environmental pollution have^had a dramatic 
impact in attracting the attention of both scientists and 
politicians. * * . 

B. Recognition that space-based systems offer ian uniqi^e 
capability for •addressing^ stratospheric problems. 

' C. Awareness that a program is needed to assess, the potential . 
environmental impact of injecting man-made materials into 
the stratosphere. 

The most immediate air quality problems involve sensing and control- 
ling the pollutants in the layer of the troposphere j^earest the eajfth. 
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The following recommendations "are based on the^e conclusions: r 

A J^owus' program should be mounted for monitoring the tropo- ^ 

sphere to assess , on both regional and global Scales, the vLct 
^LTa PJ^^"^t^ arzi'p/ air qiiality control. Specific needs 
iZlf^ ^ye^opment of capabilities for all-weather, day and 

n^gU masurements md aensors to measure the verUcal distribu- 

tvon of pollutants from the ground up. 

Pirns for monitoring iAie environmental quality ofthe strato- ' 
InZtJ^"*^?'^^ ^"^^"^^ ^ ^^''^^^ ^ /^^s* need is 

I'^Jj^i '^■T'^'T'^^' ^^^iospheric species: both gases 
. and aerosoU m.th emphasi? on the species involved in ozone 

tTSS^-:nn ^f^f"^ me<^urements should be directed at determin- 
rl^l ^Tessls"^"""^ pollutants on significant stratospheric 

WATER QUALITY 

•me Panel offers the following conclusions concerning water quality^ 

There is an extetisive need for improved , techniques in water quality 
measurement'. ^ > i-/ 

Inadequate progress h^een made in the development .of in situ and 
remote sensors for water qualify 'measurements. " 

The following recpmmendations are ba^ed'on these conclusions:. 

That the current cooperatu^e^orps between the Environmental 
Protectzon Agency /EPA) and NASA to meet requirements for 'water ' 
quality measurement be expanded and accelerated. ' ' 

'That a maoor effort be carHed out to develop new and improved 
remote and ^7z situ sensors to measure specific environmental .' 
s^tTZe^'^ Among the requirements for remote 

A. , All-weather, 'day and night capabilities. ' .' 

B. Measurements^^subsurface vkter quality at vqrioUs depths. 

C. Spatial resolution, to levels' of O.^^S 'meters. 



... . PUBLIC HEALTH . - 

The Panel' conludes that a need exists to determine the feasibility of using 
remote sensors to identify and report habitat and environmental features 
associated with the development of organisms and vectors responsible- fo'r diseases 
in man, anijnals, and plants. Timely sensing and reporting will enable public 
health anii agricultural officials to mount appropriate^ control actions* 

The Panel tl^refore recommends that a research and development program he 
undertaken identify vegetative types associated with habitats sicpporting vectors 
of human disease and pests that are of economic importance. Sensors should be 
evaluated for capabilities in detecting environmental, parameters that contribute 
to epizootics and human-disease .episodes. 

I - 

USE OF SPACE SHUTTLE / 

It is concluded that remote sensing instruments which may eventually^ provide ♦ 
and transmit reliable and accurate data will likely benefit from actual testing 
in outer space. 

The Panel, while recognizing the needs for new and improved systems and 
technology and making T^commendatians for major hew efforts to achieve cost- 
effective solutions, has not defined precise ways of meeting those needs* It is <, 
apparent that combinations of satellite data collection systems, remote sensing 
from both aircraft and spacecraft, and in situ measurements will be required to 
satisfy the di Verse needs. ^ ' * _ 

The Panel therefore recommends: ' ^ . ~ 

That the space shuttle be considered, for use as a platform fox^ 
^ testing* sensors antecedent to their application in remote environ- 
mental quality monitoring systems.' * , . ' • * 

That the space shuttle be considered for use in placing cost- 
effective remote ^environmental sensors in orbit. 

That the potential of the use of the space shuttle be explored 
for studies of atmospheric reactions of ozone and the oxides^ of 
nitrogen and oxidation of projected stratospheric materials ^result- 
ing from inadvertent and intentional release of pollutants. 

^ / 2720* ifi developing^ systems and sensors to 'meet usef needs ^ tesj^s 
of feasibility^ usefulness^j efficiency compared to alternatives^ 
, ^ . possible amenability to application^ and orderly development 

should be applied. [' * • . ^ . 



APPENDIX. A. . . ' ■ 

FEDERAL LEGlSL/nriON PERTAINING TO ENVIRONKENTAL QUALITY 



Federal JVater Pollution Cdntlrol Act, "Ameridments of 1972 Public 
Law 92-500, 33 USC 1251 . . 

Glean Air Act,- as Amended by Public Law 91-604rNb USC 'l857b 

^Federal Environmental Pesticides Control Act of 1972, Public 
Law 92-516, 7 USC 136 ' ' • . 

Resource Recovery Act of 1970, Public Law 91-512, 42 USC 3251 

Noise Control Act of 1972, Public Law 9Z-574. 42 USC 4901 

Reorganisation Plan #3- of 1970 (creating EPA), 42 USC' 4321 

Marine Protection, Research, and "Sanctuaries Act of 1972, Public 
Law $2-532, 33 USC 

National Environmen^I Policy Act of 1969, \l USC 4332 f 2) f CI 
4344(5) C197Cr) / \ . 

Public: Health SeWce Act, Public Law 78-410, Sec. 351. 42 USC 
264 ^ ? »• 



APPENDIX" B: 



•RELATIONSHIPS WITH OT^ PANELS 



The Panel on Environmental Quality and other panels of the 1974 summer 
study share problems and potential soliitibns in the following areas: 

!• Weather <^md Climate 

Transport of pollutants, fatp. and persistence, prediction of air 
•pollution incidents, cphtrbl stirategies',' low-floW predictions 

' 2. Land Use Planning 

Source of pollutants, sites for disposal of pollutants^ wetlands 
definition and protection, environmental zoning, environmental 
futures. Siting of power plants and other pollutant sources, 
iden^xfication of habitats harboring vectors of human diseases \ 

3. Agriculture, Forest, and Range 

Source of pollutants, user requirements for water and air quality, 
utilization of waste water and organic residues, use of changes in 
plants as ^ndicators ^pollutantsT* and pests 

. . 4. "Inl^d Water Resources 

Water quantity-quality relationships, naturalV^d cultural ♦sources 
of pollution, mechanises for pollufant transport, air quality 
effects on pigecipitation, prediction of water quantity, salt water 
intirusion,* irrigation retxim flows, phreatophytc;* control, flow 
augmentation ' . 

S. • Exl;ractable Resoirrces . 1_:^==^^.- 

Soiifce of politttants, user raqoireaents for water and air. quality 



deep-^ote4 -lifc^^tjl^ its water siippiy from the water table. 



^^arin^ and Maritime Uses 

Source of pollutants, user requirements for fish and aquatic life, 
ocean disposal of residues, power plant sitings 

Uses of Cpimnunications ^ ^ , . 

Data and information transmission, control of treatment facilities 

Information Services- and Information Processing 

I . - . 

Need for effective systems to meet user needs 

Institutional Arrangements 

Need for effective cooperation among goveiroaent agencies, need 
for effective communication between users and government agencies 

Space ' Transportation 

Provide transportation for remote sensing platforms to measure 
environmental quality, provide facility for senser research and 
development 
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APPENDIX <: 



ENVIROrfl^ENTAL QUALITY PROBLEMS IvHICH CAK BE 
MONITORED BY SPACE SYSJEM COMPONENTS 



^ Nfonitoring systems located iti space may contribute to the solution of a 
nucHer of -environmental quality problems. ' These problems are related to the 
following: 

1. Storm and combined sewer overflow 

2. Algal blooms , ■ ^ 

3. Land application of waste waters and aerosols* 

« 

4. Land application of organic residues 

• S. Land disposal of tailings and residues that may be toxic and • 
hazardous or nondegradable 

6. Mining, including mine drainage, fires in closed or al^andoned mines, 
tailings, and culm • ♦ 

Sites of duii5)ing into oceans 

Wetlands- - - - ^ ^ ' 
Flood plain 

* . r 

V » 

^ Siting of power *and industrial plants; land use in such sitings 
Subsurface water quality ' ' , 
Environnyital impact statements 

Salt water* intrusions ✓ " ' 

Intemittent control technology 



7, 
-8. 

9, 
10. 
11. 
12. 
13. 
14. 
IS. 



'Critical flows in estuaries 



58 

55 



ERIC 



Agricultural runoff from feedlots, irrigatipn retutn flows, and 
dust ^ • 

Total burden in both water and air systems 

Locations of natural sources of oils, nutrients, dissolved soli<{s, 
brines^ sediments^ and -gases 

Carrying capacity of air and water 

Precipitation and runoff relationships 

Indicator biological systans 
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SPACE APPLICATIONS^BOARD 



Allen E. Puckett (Chairman) 
Executive Vice President 
Hughes Aixcraft Coii5}any 
•Culver City, California 

^ I 
Daniel J. Fink (Vice Chairman) 
Vice President, Space Division 
General Electric Company 
Philadelphia, Pennsylvania 



A. R. Baldwin 
Vice President 
Cargill , Incorporated 
Minneapolis, Min^iesota 

0. C- Boileau * 
Pi-esident 

Boeyig Aerospace. Company 
Seattle, Washington 

Jack M. Campbell 
President 

Federation of Rocky Mountain States 
Denver, Colorado 



John F, Collins 
Professor of Urban Affairs 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 

Leonard H. Goldenson 
Chairman of the Board 
American Broadcasting Companies 
New^ork, 'New York 



Peter C, Goldmark 
President ^ 
Goldmark Communications Corporation 
•Stamford, Connecticut 

Bryce N, Harlow 

Vice President for National 

Government Relations . 
Procter and Gamble Company 
Washington, D,C. 

William B. Heroy 
Vice President and Treasurer 
Southern Methodist University 
•Dallas, Texas ^ 

Martin L, Johnson ^ 
Secretary 

Agency for Environmental Conservation 
Montpelier^ Vermont 

• 

• Thomas F. Mai one 
Director 

Holcomb Research Institute 
Butler University ' 
Indianapolis > Indiana 

William A, Nierenberg ^ ^ 

Director 

Scripps Institution of Oceanography 
La Jolla, California 

^J. Edward White 
Professor of Geophysics 
University of Texas at El Paso * 
El Paso, Texas 



STAFF 



Clotaire Wood, t;cecutive Secretar>' 
Ladrence F. Gilchrist, Professional 

Associate 
R: Alfred Whiting, Professional 

Assistant 



Ckrolyn Andrews, Administrative 

Assistant 
Mary Basiliko, Secretary 
Betty S. Brown, Secretary 
Joan P. 5pade, Report Typist 
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